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Current Biology 28, R51-R65, January 22, 2018 © 2017 Elsevier Ltd. that climate change drove human evolution, in large part by swapping out food options available on the biospheric buffet" (p. 197) . He puts his own wide experience in the fi eld and in the laboratory to good use as he takes us through the evidence that ranges from observations about wild primates in Africa and Southeast Asia to the changes that accompany the onset of farming and husbandry. He also walks us through the hominin fossil evidence, as well as the evidence for past climate change. Ungar uses data from several fi eld studies to make the point that attempts to predict the diet of living primate populations are problematic. In reality, populations show a lot more dietary fl exibility than suggested by the conventional dietary categorization of each species. Moreover, as Joanna Lambert showed in her study of the mangabeys from Kibale National Park in Uganda, some of this dietary fl exibility only manifests itself when populations respond to once-in-a-generation food shortages. The examples Ungar has assembled make a strong and eloquent case for long-term observations at the same site. They are also chastening for researchers who have to rely on hard-tissue evidence to generate hypotheses about the diets of extinct taxa.
There are remarkably few errors, and almost all are minor. Early on in the book, he suggests that teeth are "ready-made fossils that have remained virtually unchanged for millions of years", but in that case, how is it that they can "track changes from one species to the next" (p. 1)? In fact, dental morphology features in almost all of the diagnoses of new hominin species. And in the next edition, I suspect Niles Eldredge would better appreciate his 'call out' if his name is spelled correctly. But, as I suggested, these are minor glitches.
My main beef with Ungar's book is that he seems to buy in to the narrative that it was "climatic instability" (p. 167) that drove the emergence of Homo, suggesting the bigger story was "the increasingly variable climate with alternating cycles of warm-wet and cool-dry conditions". This is part of what Ungar refers to as a "whole new direction for human origins studies", namely the "search for evidence to tie specifi c events in our evolution to largescale changes in climate" (p. 86).
The problem with this focus is threefold. First, the existing site samples of extinct hominin taxa that provide what is called the 'fi rst appearance date' of each taxon are extremely unlikely to sample the actual fi rst appearance of that taxon. So linking an observed fi rst appearance date to climate change, unless there is sound evidence that it reliably refl ects the actual fi rst appearance of a taxon, is fraught with problems. Second, existing early hominin fossil sites sample between approximately 3 and 4% of Africa's land surface. Chasing existing, observed fi rst appearance dates implies there is no prospect of fi nding earlier evidence of a taxon in other parts of Africa. It also assumes that the regions where the fossil sites are located are the regions where all of the signifi cant events in hominin evolution took place. These are unreasonable and unwise assumptions. Third, one of the key ways in which science differs from other forms of knowledge generation is that its theories are based on hypotheses that can be falsifi ed with empirical, reproducible evidence. Because of this, there are systematic constraints on the types of questions we can answer about the past. Inferring 'cause and effect' links between fl uctuations in regional and global climates and events in human evolution, with no way of empirically evaluating such links, is such a question.
So did Ungar "bite off more than he could chew"? Certainly not. Evolution's Bite -which should really have been called Evolution's Chew -would make an excellent text around which to structure a graduate seminar on human evolution. It also provides an excellent insight into the ways many branches of science are being harnessed to help trace the dietary history of the hominin clade. I learned a good deal from reading this well-written, engaging and erudite survey. I heartily recommend it.
Center for the Advanced Study of Human Paleobiology, George Washington University, Science and Engineering Hall, 800 22nd Street NW, Suite 6000, Washington, DC 20052, USA. E-mail: bernardawood@gmail.com
Coconut crabs

Mark E. Laidre
What are coconut crabs? The coconut crab (Birgus latro) is the world's largest terrestrial invertebrate (Figure 1 ). They can reach over 1 meter in leg span and weigh up to 4 kg. Evolutionarily, coconut crabs are hermit crabs, belonging to the infraorder Anomura (Crustacea: Decapoda). Coconut crabs' closest evolutionary relatives are terrestrial hermit crabs (Coenobita spp.). However, while coconut crabs share some similarities with terrestrial hermit crabs, especially early on in their life, coconut crabs have evolved into an extraordinarily different creature.
Where do they live? Coconut crabs live on remote coral atolls and tropical islands throughout the Indo-Pacifi c. They begin life as microscopic larvae in the ocean. After approximately a month at sea, they then transition to a fully terrestrial existence and thereafter cannot remain submerged underwater without drowning. As juveniles they occupy empty snail shells, like the terrestrial hermit crabs from which they evolved. Yet, coconut crabs re-calcify their abdomen as they grow and eventually cease using shells -there are no shells large enough to accommodate them. Instead, adults carve out expansive underground lairs. These burrows, often located beneath the roots of coconut trees and lined extensively with the husk of coconuts, provide a controlled environment, which the crabs occupy during the heat of the day. Their burrows are defended vigorously against conspecifi cs.
Who fi rst studied coconut crabs?
Many early explorers and naturalists mentioned coconut crabs, though often in exaggerated ways. Charles Darwin was arguably the fi rst to observe these animals rigorously. He encountered coconut crabs while passing through the Indian Ocean during his Beagle Voyage and he was impressed by the crabs' striking traits, including their extreme variation in body size (Figure 1) . Notably, long before The Origin Darwin used the word 'adaptation' in reference to coconut
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Current Biology 28, R51-R65, January 22, 2018 R59 crabs in The Voyage: "I think this is as curious a case of instinct as ever I heard of, and likewise of adaptation in structure between two objects apparently so remote from each other in the scheme of nature, as a crab and a cocoa-nut tree."
What do coconut crabs eat? Not surprisingly, a lot of coconut crabs' foraging focuses on, well, coconuts.
They can indeed open coconuts and eat the fl esh, but this is not their only food source. Coconut crabs are highly omnivorous, eating a wide range of plant and animal foods, including fruits and nuts, vegetation and carrion. This makes evolutionary sense: life on farfl ung islands means that food supply can be unpredictable and relying on any single food source would be risky. Coconut crabs have also been observed to hunt. For instance, they attack and consume invertebrates, like the red crab (Gecarcoidea natalis), as well as vertebrates, like the Polynesian rat (Rattus exulans) or the red-footed booby (Sula sula). Coconut crabs are thus one of the few invertebrates with a capacity to kill mammals and birds. They may even function as apex predators in their island ecosystems.
What is special about coconut crab brains? Coconut crabs have a surprisingly complex brain, a large portion of which is devoted to olfactory sensing. Unlike most crustaceans, coconut crabs must use their olfactory sense on land, where odorants are typically hydrophobic molecules in the air phase rather than hydrophilic molecules in water. Their transition to land thus presented a special challenge for olfactory sensing. Interestingly, coconut crabs converged on similar neural solutions and olfactory specializations as insects. Do coconut crabs go by another name? Yes, coconut crabs are also referred to as 'robber crabs'. This moniker appears to originate from these crabs stealing various items from humans (e.g., watches, cooking pots, and shoes). Such theft has been consistently experienced by biologists; one biologist reported: "I have seen sandals, cookingtins and even knives and forks stolen from jungle camps, and I once found a pair of crabs fi ghting over a silver wrist-watch, taken from a pile of clothes fi fteen yards away". Another noted that a coconut crab "was observed on the coastal strand line towing a whiskey bottle behind it." Controlled experiments are needed to investigate how and why coconut crabs engage in such theft. But some aspects contributing to this behavior seem apparent. The exceptional olfactory sensitivity of coconut crabs enables them to sense any objects with even minute food-associated odors. Also, coconut crabs evolved in remote locations, where food is often limiting and where they face little or no danger from other animals. Natural selection therefore may have favored high levels of exploratory behavior in coconut crabs, perhaps even neophilia, as this enables individuals to exploit the smell of rare but valuable food resources, which would otherwise be left unexploited.
How strong are coconut crabs?
Coconut crabs have the strongest claws of any crustacean on earth. Indeed, the pinching force of their claws outstrips even the bite force of most terrestrial predators, having been estimated to be as high as 3300 Newtons. This means coconut crabs are truly a force to be reckoned with. Indeed, humans who have foolishly mishandled a coconut crab have sometimes paid the price by having one of their fi ngers crushed. Such powerful claws help the crabs crack open coconuts. However, it remains a mystery what selective pressures actually drove the evolution of these extremely powerful claws.
How long do they live? To attain the extreme size that coconut crabs reach as adults requires individuals molt and grow incrementally across their lives. Molting is a particularly dangerous event, because during molting the animal is without a protective exoskeleton and is vulnerable, to desiccation as well as to being eaten. Perhaps not surprisingly growth is very slow in coconut crabs. Some adults do not grow at all or even shrink. Shrinking can occur when individuals are injured or lose a limb, which then requires the individual to channel resources into regenerating the limb. Measurements of growth rates have produced conservative estimates of longevity suggesting that large coconut crabs may be well over 100 years old, and that, in general, individuals do not reach full adult size for at least several decades. Do coconut crabs need to be conserved? Coconut crab populations have declined or gone extinct throughout many areas of the species' once vast range across the Indian and Pacifi c Ocean. These population declines are due to habitat destruction, predation on early life stages by invasive species (e.g., rats) and particularly overharvesting by humans for food (Darwin himself declared: "These crabs are very good to eat"). Given the time it takes for coconut crabs to reach full size, decimated populations may take long to recover. The number of coconut crabs in many areas may be dangerously low. Some key strongholds remain, especially the Chagos Archipelago (British Indian Ocean Territory), which is one of the world's largest protected areas, as well as the Seychelles' Aldabra Atoll, Christmas Island, and Palmyra Atoll. However, a systematic survey of population abundance and genetic diversity is now sorely needed.
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